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DEVICE FOR MEASURING THE OPERATION OF
A TIMEPIECE MOVEMENT

BACKGROUND OF THE INVENTION .

This invention relates to the measuring of a charac-
teristic magnitude of the operation of a timepiece move-
ment and, more particularly, to a device for measuring
said magmtude by detecting the mechanical wbr&t:ons
produced in the operation of said movement. |

The characteristic magnitudes of the operation of a
timepiece movement are for instance the time error, the
dissymmetry of the half-oscillations of the balance or
the amplitude of oscillation of the balance. For measur-
ing those magnitudes the vibration produced by the
operation of the timepiece movement, in particular, in
the case of a balance-wheel watch, the vibrations pro-
duced by the operation of the escapement, are detected
and converted into electric pulses and those measuring
pulses are compared with a periodic reference signal or
clock pulse of a known constant frequency. A device of
this type i1s for instance described in Swiss Pat. No. 556
373 which corresponds to U.S. Pat. No. 3,817,083,

Measuring errors can be produced in such a device by
undesired vibrations or noise signals which generally
occur at irregular intervals between the periodic pulses
of the operation of the timepiece. Those interfering
pulses can produce measuring pulses which are not
related to the characteristic magnitude of the tlmeplece
to be measured.

It 1s already known to prevent the generation of mea-
suring pulses by interfering notse pulses, by blocking the
generation of measuring pulses during a part of the time
interval between two consecutive normal pulses pro-
duced by the timepiece movement, which blocking
interval starts immediately after each measuring pulse
and ends soon enough to allow the generation of a mea-
suring pulse by the following vibration due to the nor-
mal operation of the watch movement.

In other words, each time interval between two con-
secuttve useful pulses produced by the watch move-
ment comprises a blocking period during which the
generation of measuring pulses is prevented, and a win-
dow during which wvibrations detected by the device
will generate a measuring pulse. To reduce in as far as
possible the generation of a measuring pulse by an inter-
fering pulse, the duration of the blocking period should
be as close as possible to the duration of the time inter-
val between two consecutive useful measuring pulses,
and therefore the said window should be open only at
the expected time of arrival of a useful measuring pulse.

However, prior to the invention, it has not been possi-
ble to increase the ratio between the blocking period
and the time interval between two consecutive useful
measuring pulses above a relatively low limit and, con-
sequently, to reduce the window below a relatively
large part of the said interval. This is due to the fact that
the said time interval between two consecutive useful
measuring pulses is not known very precisely, at least
before it has been measured, and therefore the duration
of the window must be sufficiently long to make sure
that the expected measuring pulse will fall within said

window. In particular, when measuring the half-period

of the oscillation of a balance-wheel or other dissym-
metric time intervals, the blocking period must be hm-
ited as far as pecessary for measuring the shorter time
interval. For instance, for a watch movement with an
oscillation frequency corresponding to 36,000 half-peri-
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2

ods per hour or a period of a duration of 200 millisec-
onds, the shortest time interval between two consecu-
tive useful measuring pulses may be 90 milliseconds and
the longest time interval can be 110 milliseconds. In this
case the maximum value of the blocking period 1s in
practice Iimited to 80 milliseconds, which means that
the window 1s 10 milliseconds for the short interval and
30 milliseconds for the long interval. For an oscillation
frequency corresponding to 18,000 half periods per
hour or a period of 400 milliseconds, practical values
are for instance the following: Duration of the short
interval 190 milliseconds, duration of the long interval
210 milliseconds, blocking period 80 milliseconds, dura-
tion of the window in the short interval 110 millisec-
onds, duration of the window 1n the long interval 130
milliseconds.

Therefore, the risk of a generation of a measuring
pulse by interfering noise remains important in spite of
the presence of a blocking period.

OBJECTS OF THE INVENTION

It 1s an object of the present invention to provide an
improved device for measuring a characteristic magni-
tude of a timepiece movement, in which the above
mentioned risk can be substantially reduced by provid-
ing means to reduce the width of the said window with
respect to the known devices.

SUMMARY OF THE INVENTION

In accordance with the present invention, a device
for measuring a characteristic magnitude of a timepiece
movement include means for preventing the generation
of measuring pulses during a blocking period, which
means are adapted to start each blocking pertod imme-
diately after the end of each measuring pulse and to
provide blocking periods which are each equal to the
duration of the penultimate time interval between mea-
suring pulses preceding said blocking period, less a
constant duration.

BRIEF DESCRIPTION OF THE DRAWINGS

The following detailed description, given by way of
example, will best be understood in conjunction with
the accompanying drawings in which

FIG. 1is a block diagram of a measuring pulse gener-
ating device in accordance with the invention;

FIG. 2(a) is a wave-form chart showing the signal
present at point (a) in the circuit of FIG. 1;

FIG. 2(b) 1s a wave-form chart showing the
present at point (b) in the circuit of FIG. 1;

FIG. 2(s) is a wave-form chart showing the
present at point (s) in the circuits of FIG. 1;

F1G. 2(d) is a wave-form chart showing the
present at point (d) in the circuit of FIG. 1;

FIG. 2(e) 1s a wave-form chart showing the
present at point (e) in the circuits of FIG. 1;

FIG. 2(g} 1s a wave-form chart showing the
present at point (g) in the circuit of FIG. 1;

FIG. 2(f) is a wave-form chart showing the
present at point (f) in the circuit of FIG. 1; and

FIG. 2(k) 1s a wave-form chart showing the signal
present at point (k) in the circuit of FIG. 1.

FIG. 3 is a block diagram of a circuit to automatically
achieve synchronism between the measuring pulses and
the vibrations of a watch movement; and

FI1G. 4(a) 1s a wave-form chart showing the signal
present at point (a) in the circuit of FIG. 3;

signal
signal
signal
signal
signal

signal
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FIG. 4(/) 1s a wave-form chart showing the signal
present at point (1) in the circuit of FIG. 3;

FI1G. 4¢e) 1s a wave-form chart showing the signal
present at point (e) in the circuit of FIG. 3, and

FIG. 4(s) is a wave-form chart showing the signal

present at point (s} in the circuit of F1G. 3.

DETAILED DESCRIPTION OF A PREFERRED
EMBODIMENT

Referring now to FIG. 1 of the drawings, the block
diagram of a device for generating measuring pulses 1n
accordance with the invention shows a sensing device
1, for instance a microphone, capable of detecting the
vibrations of a timepiece movement 21, for instance the
sounds produced by the operation of the escapement
but also other sounds or vibration interfering with the
useful sounds produced by the current operation of the
watch movement. The output of the sensing device 1 1s
amplified in an amplifier 2.

Therefore, at point (a) of the device appears a signal
as tllustrated schematically at line (a) of FIG. 2. Each
vibration or sound is shown to be composed by a short
group I, of individual vibrations, each such group being
produced at the beginning of each half-period of the
oscillation of the balance-wheel and representing the
normal pulses produced by the operation of the escape-
ment of a watch. However, other vibrations or sounds
such as the one illustrated at P in FI1G. 2, which are due
to other external causes can be detected by the micro-
phone and interfere with the normal pulses which occur
at regular intervals. In the following description the
regular pulses will be referred to as “tops™ while the
interfering perturbating pulses will be referred to as
“noise pulses’.

The signal appearing at point (a) of the circuit 1s
applied to a monostable logic circuit 3, which can for
instance be an integrated circuit type 74 LS 221 manu-
factured by Texas Instruments Company. The signal
which appears at output Q3 of circuit 3 is a signal (b)
constituted by a series of square shaped pulses of short
duration, for instance 4 microseconds, having a rising
leading edge and a falling trailing edge and being syn-
chronised with the tops as represented at FIG. 2. At an
output terminal Q3 of circuit 3 appears a signal (S)
formed of pulses which are inverted with respect to
pulses (b). As will be seen, this signal (S) represents the
measuring pulses generated by the present device.
These measuring pulses are synchronized with the tops,
each top producing one measuring pulse. However, a
noise signal such as P is prevented from generating a
measuring pulse by resetting circuit 3 to zero during
nearly the whole period comprised between two con-
secutive tops, leaving only a short period of time for the
production of the useful pulses (S) by circutt 3. This
period or window is of constant duration, which can be
made, in accordance with the invention, equal to about
0.1 to 2% of the whole interval between useful pulses.
This is obtained by the operation of the device as de-
scribed hereinafter.

Signal (b) is applied to the input of a monostable
multivibrator circuit 5, formed for instance by another
integrated circuit of type 74 LS 221. This provides an
output signal (d) at output terminal Qs formed by a
series of square-wave pulses of short duration, for in-
stance 2 microseconds, having a rising leading edge and
being synchronized with the tops of the watch move-
ment.
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Signal (d) 1s applied to a load terminal Lg of a pulse
counter 6 capable of counting down. This counter can
be realized for example, by an integrated circuit type 74
LS 193 of Texas Instruments Company. Pulse counter 6
further receives a periodical electric signal or clock
pulse formed by a train of square-wave pulses with a
period of 1 millisecond, from a frequency divider 7
which i1s connected through a connection OSC to a
pulse generator with constant repetition frequency, for
instance a quartz oscillator {(not shown). In the present
embodiment counter 6 is negative-edge-triggered by the
pulses applied from divider 7.

Signal (d) is further applied to the input of a monosta-
ble logic circuit 9, for instance again formed by an inte-
grated circuit 74 LS 221, which provides an output
signal (e) on output terminal Qg¢. As shown i1n FIG. 2,
this signal is formed by a series of square-wave pulses
having a rising leading edge and a duration of about 2
microseconds. These pulses are synchronized with the
watch tops but are shifted with respect to the (d)-signal
pulses by a value equal to the duration of the (d)-signal
pulses, i.e. for instance 2 microseconds.

Signal (e) is applied to a clock terminal of a memory
circuit 8.

Signal (e) is further applied, simultaneously, to the
input connection of a monostable logic circuit 10 and
the input of a monostable logic circutt 11. Circuits 10
and 11 can be for instance formed by integrated circuits
type 74 LS 221, as the previously mentioned monosta-
ble logic circuits or multivibrators.

Monostable circuit 10 provides an output signal (g)
appearing on its output terminal Q1o and an output sig-
nal (g) which is the inverse of signal (g} and appears on
output terminal Q1p. Each of these signals is formed by
a series of square-wave pulses of a duration of, for in-
stance, 2 microseconds, pulses (g) having a falling lead-
ing edge. These pulses are also synchronized with the
tops of the watch movement but are shifted with respect
to the leading edge thereof by the duration of pulses (d)
and (e), 1.e. for instance 4 microseconds.

Signal (g) is applied to a clear input CL7 of a fre-
quency divider 7 allowing to reset the same to zero.
Signal (g) is applied to the input terminal 12° of a bista-
ble logic circuit 12, the other input 12" of which 1s
connected to the output of counter 6 providing an out-
put signal (k).

Monostable circuit 11 provides an output signal (f)
appearing on its output Qi and having the form of a
series of square-wave pulses of a duraticn of about 2
milliseconds. The rising leading edges of pulses (f) are
synchronized with respect to the tops of the watch
movement and are shifted with respect thereto by the
same amount as pulses (g) and (g).

Signal (f) is applied to a clear-input CL 3 of a pulse
counter 13 capable of counting up and being reset to
zero by pulses (f). This counter can for instance be
formed by an integrated circuit type 74 LS 393 made by
Texas Instruments Company. Counter 13 counts the
signal pulses or clock pulse provided by divider 7 and 1s
negative-edge-triggered.

Memory circuit 8 is connected between the up-count-
ing counter 13 and the down-counting counter 6. Each
pulse of signal (f) maintains the counter 13 at zero for
the duration of this pulse, i.e. for instance during 2 milh-
seconds.

Therefore, for each time interval comprised between
two consecutive tops, 1.e. in the case of balance-wheel
watches for the duration of a half-period of oscillation
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of the balance, counter 13 registers a number of pulses
corresponding to the total number of pulses delivered
by divider 7 within this duration, less the number of
pulses delivered by divider 7 during the reset-to-zero
period of counter 13, i.e. 2 milliseconds in the present
example. |
Each signal pulse (g) results in the maintaining at zero
of the frequency divider 7 for the duration of this pulse
(2 microseconds), so that counter 13 starts counting 1n
synchronism with each top of the watch, the delay of 4
microseconds being negligible with respect to the dura-
tion of the period of the signals from divider 7 which is
| millisecond. Thus, maintaining the divider 7 at zero at
each top eliminates the possibility of a counting error of
one in the number of clock pulses counted by counter 13

4,335,596
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15

between two consecutive tops, which would corre-

spond to a measuring error of 1 millisecond.

Each pulse of signal (e) triggers the transfer into
memory 8 of the count of counter 13.

Each pulse of signal (d) triggers the transfer into
counter 6 of the status of memory 8.

Output signal (k) of counter 6 is formed by a series of
square-wave pulses having for instance a duration of 1
millisecond and having a falling leading edge. Each of
these pulses 1s produced when counter 6 cormes to zero
at the end of down-counting. ;

The output signal of the bistable circuit 12 is applied
to the clear-terminal CL3 of monostable circuit 3 to
reset the same to zero. As a result, output signalis (S) and
(b) of this circuit are prevented from being delivered
during the time interval comprised between the occur-
rence of a leading edge (falling) of pulses (g) and the
leading edge (falling) of the pulses of signal (k). This
time interval or blocking period therefore starts 4 mi-
croseconds after the beginning of each top of the watch
(for instance I,) and its duration Tg; is equal to the
duration of counting of counter 13 during the time inter-
val between two preceding tops (for instance 1,2 and
In—1).

The result of the counting of counter 13 during the
time interval between two consecutive tops, for in-
stance tops I,_» and I,_i, corresponding to a half-
period of oscillation of the balance, is entered into mem-
ory 8 during the following half-period, i.e. between tops
I,,_1and I,, and returned to the down-counting counter
6 during the next following half-period, i.e. between
tops I, and 1,1, in order to define the blocking period
Tpg1 for this last half period. It will be seen that the
duration of counting of counter 13 is equal to the dura-
tion of a half-period less a fixed duration Tg, which is of
2 milliseconds 1n the present example. The duration To
represents the width of the window during which a top
or a noise pulse which might have been detected by the
sensing device 1 can result in the generation of a mea-
suring pulse (8S).

The duration Tphas a constant value even in the case
in which consecutive time intervals to be measured are
not of the same duration, for instance when an escape-
ment is not in beat and results in dissymmetrical half-
periods of oscillation of the balance-wheel with respect
to its position of rest. |

With respect to the blocking period Tg; during the
time interval between tops 1,4 1and I, 3, it will be seen
from FIG. 2 that this blocking period is longer than the
blocking period Tg;. Again the blocking period is equal
to the time interval between consecutive tops less the
constant duration Tp. |
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The device according to the invention therefore pro-
vides a variable blocking period the duration of which
depends on the duration of each interval between two
consecutive tops, while the window within which the
next useful top is expected has a constant duration To.
This allows considerably reduction of the width of the
said window with respect to the formerly used devices
in which the blocking period was fixed and the window
width variable.

For instance, in a device operating with the above
mentioned internal pulse durations and in the current
case of a watch movement with a oscillation frequency
of 36,000 half-periods per hour and with a short half-
period of 90 milliseconds and a long half-period of 110
milliseconds, similarly as shown in FIG. 2, the duration
To of the window has a constant value of 2 millisec-
onds. This corresponds to about 2.2% of the short half-
period and 1.8% of the long half-period. For compari-
son, the usual values mentioned before are 10 millisec-
onds or 11% for the short half-period and 30 millisec-
onds or 27% for the long half-period.

The present device can further include means for
verifying the synchronization of the various pulse sig-
nals with the tops of the timepiece movement and for
automatically reestablishing the synchronization of the
measuring pulses if necessary. |

FIG. 3 is a block diagramm of a corresponding cir-
cuit.

The circuit shown in FIG. 3 comprises a monostable
logic circuit 4 which can be realised for instance by an
integrated circuit of type 74 LS 221. When the atore-

'mentioned signal (a) is applied to the input of this logic

circuit, the output terminal Qg of this circuit delivers a
signal (i) shown in the corresponding line of FIG. 4. As
will be seen, signal (i) is formed by square-wave pulses
of very short duration, for instance 1 microsecond,
having a falling leading edge and being synchronized
with the tops of the watch movement.

Signal (i) is applied to input UP14 of a counting circuit
14 capable of counting up and down, which counting
circuit can be realised by an integrated circuit type 74
LS 192 made by Texas Instruments Company. Another
input terminal DW 4 0f counting circuit 14 is connected
to receive the afore-mentioned signal (e) through a
logic coincidence circuit 15 which represents a NANID-
gate.

When the number of signal pulses (i) is equal to the
number of pulses of signal (e), the counting circuit 14 1s
in equilibrium at its output terminals A4 (not shown),
B14, Ci14 and Dy4. Consequently no signal 1s delivered at
the last three output terminals, in particular.

However, when the number of signal pulses (1) 18
higher than the number of signal pulses (e), the counting
circuit 14 is no longer in equilibrium at the above men-
tioned output terminals so that the counting 1s shifted in
the forward direction. A logic coincidence circuit 16
representing a NAND-gate with three input terminais
has these input terminals connected to outputs Bja, Ci4
and D4, respectively. The output level of logic circuit
16 becomes zero when the output terminals of circuit 14
are no longer in equilibrium and this output level 1s
applied to the clear-input of a counter 17. The counting
input of counter 17 is connected to the output terminal
(S) of circuit 3 and therefore each pulse (S) delivered
after the clearing of counter 17 is counted by the same.
Counter 17 is adapted to emit a signal at the end of 1ts
counting a predetermined number of pulses, for instance
32. This end-signal appears at an output terminal Q7
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and 1s applied to the input of a monostable logic circuit
18 realised for instance as an integrated circuit of type
74 LS 221. Each end-signal pulse appearing at Qg7
therefore produces a signal pulse of given duration, for
instance 4 microseconds at the cutput Qg of circuit 18. 5
The signal appearing at Qg is applied to the reset input
CL.14 of counter 14.

Furthermore, the signal delivered at output D4 of
counter 14 1s applied through an inverter 20 and a logic
circuit 19 (NAND-gate) to the blocking input CLj of 10
the monostable logic circuit 3 and, through the said
inverter 20, to one input of logic OR-gate 15, the other
input of which receives signal (e).

The NAND-gate 19 further receives, on another
input terminal than the one connected to mverter 20,
the output signal of logic circuit 12.

Therefore, when the number of signal pulses (1) 1s
higher by a few units only than the number of signal
pulses (e), which might happen when noise pulses occur
at point (a) of the circutt, counter 14 is rapidly again in
equilibrium at 1its output terminals Bi4 and Cy4.

However, 1n the case the number of signal pulses (1) 15
substantially higher than that of the signal pulses (e),
which might happen when the measuring pulses (S) and
therefore the signal pulses (e) are not well synchronized
with the tops of the watch movement, the counter 14 is
automatically reset to zero when the counter 17 has
reached the said predetermined number of input pulses
(S), and as a result the measuring pulses are re-synchro- 10
nized with the watch tops.

It is understood that the additional circuit of FIG. 31s
intended to be connected to the circuit of FIG. 1, if
desired, the circuit parts designated by the same refer-
ence numbers and the connections designated by the ;s
same letters in FIG. 3 corresponding to those of FIG. 1.

I claim:

1. A device for measuring a characteristic magnitude
of the operation of a timepiece movement, comprising
means for detecting the vibrations produced by the 4,
operation of said movement, means for generating mea-
suring pulses in response to said detected vibrations,
means for preventing the generation of said measuring
pulses during a blocking period which is a part of each
time interval between two consecutive groups of vibra-
tions produced by the operation of said movement in
order to avoid the generation of said measuring pulses
in response to undesired interfering noise vibrations,
means for applying said measuring pulses to means for
comparing-the repetition frequency of said measuring
pulses with the constant repetition frequency of clock
pulses so as to produce an electric signal which 15 a
measure of the said characteristic magnitude, and meter
means adapted to receive said electric signal, said means
for preventing the generation of said measuring pulses
in response to said undesired interfering noise vibrations
being adapted to start each blocking period immediately
after the end of each said measuring pulse and to pro-
vide blocking periods which are each equal to the dura-
tion of the penultimate time interval between said mea-
suring pulses preceding said blocking period, less a
predetermined constant duration time window for said
measuring puise.

2. A device 1n accordance with claim 1, wherein the
ratio between the said constant duration time window
and the duration of the said time intervals between said
measuring pulses 1s comprised between approximately

0.00] and 0.02.
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3. A device in accordance with claim 1, wherein said
means for preventing the generation of said measuring
noise pulses during a blocking period include:

a first monostable logic circuit adapted to produce a
first output signal in response to the output signal
of said means for detecting the vibrations produced
by the timepiece movement which first output
signal comprises a series of square-wave pulses
having a rising leading edge and being synchro-
nized with the useful vibrations produced by the
timeplece movement (hereinafter *“tops”), and
adapted to produce a second output signal which 1s
invertied with respect to the first one and forms the
desired satd measuring pulses:;

a second monostable logic circuit adapted to produce
a third output signal 1n response to the first output
signal, which third output signal comprises a series
of square-wave pulses having a falling leading edge
and beitng synchronized with the tops of the time-
plece movement;

a third monostable logic circuit adapted to produce a
fourth output signal in response to the third output
signal, said fourth output signal comprising a series
of square-wave pulses having a rising leading edge
and being synchronized with the tops of the time-
piece movement and shifted with respect to the
third output signal pulses by a value equal to the
duration of said third output signal pulses;

a fourth monostable logic circuit adapted to produce
a hifth output signal 1n response to the fourth output
signal, which fifth output signal comprises a series
of square-wave pulses having a rising leading edge
and being synchronized with the tops of the time-
plece movement and shifted with respect to the
fourth output signal pulses by a value equal to the
duration of said fourth output signal pulses, and
adapted to produce a sixth output signal which is
inverted with respect to the fifth output signal;

a fifth monostable logic circuit adapted to produce a
seventh output signal in response to the sixth out-
put signal, which seventh output signal comprises a
series of square-wave pulses having a rising leading
edge, being synchronized with the tops of the time-
piece movement and shifted with respect to the
fourth output signal pulses by a value equal to the
duration of said fourth output signal pulses;

a frequency divider receiving reference pulses of a
constant frequency and delivering clock pulses,
said frequency divider having a clear terminal con-
nected to the output of the fourth monostable logic
circuit to interrupt the delivery of the output signal
of the divider during each output pulse of the
fourth monostable circuit;

an up-counting pulse counter having its counting
input connected to the output of the frequency
divider and having a reset input connected to the
output of the fifth monostable circuit to reset said
counter after each output pulse of said fifth mono-
stable circuit;

a memory circuit having a control input connected to
the output of the third monostable circuit, which
memory circuit is adapted to register the count of
the up-counting pulse counter upon receipt of the
output signal of said third monostable circuit;

a memory circuit having a control input connected to
the output of the third monostable circuit, which
memory circuit is adapted to register the count of
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the up-counting pulse counter upon receipt of the
output signal of said third monostable circuit:

a down-counting pulse counter having its counting
input connected to the output of said frequency
divider and having an output terminal for deliver-
ing an end-signal when the count of the counter
reaches zero, said counter further having a control
terminal connected to the output of said second
monostable circuit, the counter being adapted to
register the state of the said memory circuit upon
receipt of the output signal of said second monosta-
ble circuit;
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a bistable logic circuit having a first input terminal

connected to the output of the fourth monostable
circutt and a second input terminal connected to
the output of the down-counting counter deliver-
ing an end-signal and having its output connected
to a reset input of said first monostable circuit so as
to prevent the delivery of the output signal of said
first monostable circuit during a time interval de-
fined by the input pulses applied to the said first
and second input terminals of the said bistable logic

circuit.
% X ¥ * :
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